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(54) Twin-screw kneading apparatus 

(57) A kneaded product of a desired state of knead- 
ing is available by causing a material to be kneaded to 
flow in tip clearances between rotor segments 1b and 
1b of screw sets 1 and 1 and an inner wall surface of a 
chamber 4 while rotating the screw sets 1 and 1 pro-, 
vided to the right and the left of the chamber 4, and 
imparting a shearing force for dispersion. Each rotor 



segment 1b has a plurality of kneading blade 7 having 
different distances between the segment center and the 
top, so as to achieve a plurality of tip clearances differ- 
ent at least in the circumferential direction when the 
segment center is aligned with the chamber center. 



FIG. 2A 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a twin-screw 
kneading apparatus which kneads materials to be 
kneaded such as rubber and plastics. 

2. Description of the Related Art 

A twin-screw kneading apparatus has generally a 
configuration of manufacturing continuously a kneaded 
product through a series of operations comprising the 
steps of arranging a pair of screw sets including knead- 
ing segments provided with kneading blades such as 
rotor segments or kneading disk segments in a cham- 
ber communicating from a side to the other side, charg- 
ing a material to be kneaded such as rubber or plastics 
from a charging port on one side, forming a kneaded 
product of a desired state of kneading through kneading 
at kneading segments while transferring the charged 
material by the rotation of the screw sets to the other 
side, and discharging the kneaded product from a dis- 
charge port oh the other side to outside. 

The foregoing kneading is accomplished by apply- 
ing a rotation force of the kneading segments as a 
shearing force to the material to he kneaded. It is known 
that the shearing force becomes maximum at a gap (tip 
clearance) between the kneading segment and the 
inner wall of the chamber, and this maximum shearing 
force increases according . as the tip clearance 
decreases. Therefore, by reducing the tip dearance, it is 
evidently possible to promote kneading under the effect 
of dispersing action of the large shearing force. A 
smaller tip clearance imparts however a locally high 
shearing force to the material to be kneaded, resulting 
in early heating of the material to be kneaded to a high 
temperature. 

When manufacturing a kneaded product having a 
relatively low allowable temperature such as rubber, 
therefore, measures are taken to set an increasing ten- 
dency of the tip clearance so that heating to a tempera- 
ture over the allowable level even at a low kneading 
efficiency. When manufacturing a kneaded product of a 
high allowable temperature, it is the usual practice to 
sufficiently reduce the tip clearance so as to obtain a 
large shearing force, placing importance on the knead- 
ing efficiency. The conventional continuous kneading 
apparatus is, as described above, to accomplish knead- 
ing by selecting an appropriate tip clearance in 
response to the kneading conditions such as the kind of 
material and viscosity, and rotating the kneading seg- 
ments with the selected tip clearance. 

In the aforesaid conventional configuration, how- 
ever, the tip clearance is appropriate only for specific 
kneading conditions. When the kind of the material is 
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changed over, requiring different kneading conditions, 
for example, it is necessary to replace the kneading 
segments so as to achieve a tip clearance correspond- 
ing to the new kneading conditions. Unless this replace- 
5 ment is properly conducted, the tip clearance would be 
too large or too small to ensure sufficient kneading or 
dispersion or heating to a temperature over the allowa- 
ble temperature may be caused. 

The present invention hap therefore an object to 
10 provide a twin-screw kneading apparatus which permits 
satisfactory kneading and dispersion of a material to be 
kneaded under various kneading conditions into a 
desired state of kneading, and enables to prevent an 
excessive increase in temperature. 

15 

SUMMARY OF THE INVENTION 

In order to achieve the foregoing object, the present 
invention provides a twin-screw kneading apparatus for 
20 kneading a material into a kneaded product of a desired 
kneading state by providing'a pair of screw sets to the 
right and the left in a chamber, causing a material to be 
kneaded to flow in a tip clearance between kneading 
segments of these screw sets and the chamber inner 
25 wall surface while rotating the screw sets at the center 
of the chamber, and imparting a shearing force for dis- 
persion, wherein the kneading segments have a plural- 
ity of kneading blades having different cGstances 
between the center of the segment and the top so as to 
30 achieve a plurality of tip clearances different at least in 
the circumferential direction when the centers of the 
kneading segments are aligned with the center of the 
chamber. 

The different tip clearances achieved by the knead- 
35 ing blades can be classified at least into relatively small 
tip clearances and relatively large tip clearances. In the 
small tip clearances, a major portion of the material to 
be kneaded present on the forward side of these tip 
clearances is caused to flow in the axial direction, and a 
40 part is caused to pass through to achieve dispersion 
under the effect of a large shearing force. In the large tip 
clearances, on the other hand, a major portion of the 
material to be kneaded present on the forward' side is 
passed through to promote the flow in the circumferen- 
45 tial direction for applying a uniform shearing action to 
the material, and heating is prevented by a small shear- 
ing force. As a result when tip clearances! different in 
size appear at least in the circumferential direction, the 
material to be kneaded is dispersed by a large shearing 
so force while discontinuously and actively flowing in the 
entire chamber, and heating during heating is pre- 
vented, ft is therefore possible always to knead the 
material into a kneading product in a desired kneading 
state under various kneading conditions. 
55 The distance between the center of the kneading 
segment and the top of the kneading blade can be 
changed by cutting the top of the kneading blade. It is 
thus possible obtain screw sets having kneading seg- 
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ments capable of achieving a desired tip clearance by 
cutting the existing kneading segments, hence to 
reduce the equipment cost as compared with prepara- 
tion of all new kneading segments. 

Because each kneading blade corresponds to each s 
tip clearance, change and setting of each tip clearance 
can be independently accomplished through adjust- 
ment of the. individual kneading blades. Design is there- 
fore easier and change and setting of tip clearances are 
easier than in change and setting of the individual tip 10 
clearances through determination of eccentricity posi- 
tions from the relationship with all kneading blades as is 
disclosed in Japanese Examined Patent Publication No. 
1-14.847. 

Particularly when a material is kneaded through tip- 15 
clearances comprising various combinations to deter- 
mine tip clearances permitting achievement of optimum 
kneading conditions such as flow and shearing of the 
resin, achievement of tip clearances of various combi- 
nations by the method based on eccentricity requires 20 
preparation of kneading segments in a number equal to 
that of the combinations. According to the invention, it is 1 
possible to achieve optimum combinations of tip clear- 
ances with a number of kneading segments smaller 
than that of combinations by sequentially cutting the 2s 
tops of the kneading blades. While the amount of clear- 
ance varies in response to the rotational position in the 
foregoing known art because tip clearances are formed 
on the basis of eccentricity, the amount of clearance is 
always constant (irrespective of the rotational position) if 30 
a single tip clearance is viewed, in the present invention, 
thus ensuring acting of a uniform shearing force. 

Further, the kneading blades should preferably be 
configured so as to achieve three different kinds of tip 
clearance in the circumferential direction. More spec'rfi- 35 
cally, medium tips forming medium tip clearances 
should preferably be provided so as to adjust shearing 
force and flow of the material to be kneaded at high- 
level tip portions and low-level tip portions, in addition to 
the high-level tip portions of the smallest tip clearances 40 
arid the low-level tip portions of the largest tip clear- 
ances. 

It is desirable to set the smallest tip clearances 
within a range of from 0.002 to 0.02 relative to the inside 
diameter, and the largest tip clearances within a range <s 
of from 0.08 to 0.2 relative to the inside diameter. When 
providing three kinds of tip clearances including high- 
level, low-level and medium-level tip portions, the small- 
est tip clearances should preferably be within a range of 
from 0.002 to 0.02, the largest tip clearances, within a so 
range of from 0.08 to 0.2, and the medium tip clear- 
ances, within a range of from 0.02 to 0.08. 

When the foregoing kneading segments are inte- 
grated type rotor segments, it is possible to easily form 
kneading blades for various tip clearances through con- ss 
tinuous cutting. 

When the foregoing kneading segments are divided 
type rotor segments, it is possible to achieve various tip 
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clearances in the form of combinations of various rotor 
segments by forming kneading blades so as to achieve 
tip clearances intrinsic to individual divided rotor seg- 
ments with various spiral angles and various quantities. 

When the foregoing kneading segments are a plu- 
rality of divided type disk segments, it is possible to 
achieve various combinations of tip clearance in the cir- 
cumferential directions as well as in the axial direction 
by combining the plurality of disk segments. 

When the foregoing kneading segments comprise 
combinations of integrated type or divided type rotor 
segments and divided type disk segments, the knead- 
ing performance can be fine-adjusted by first roughly 
setting kneading performance by means of the rotor 
segments, and then combining the same with the disk 
segments having various tip clearances. 

It is possible to largely improve kneading perform- 
ance by providing the foregoing kneading segments at a 
plurality of positions. 

Further, by causing the kneading blades of the. 
kneading segments in the both screw sets to engage 
with each other, transfer of the material to be kneaded 
between the screw sets is promoted, thus further 
improving kneading performance. 

In addition, the both screw sets are rotated in a 
direction so as to scrape off the material to be kneaded 
adhering to the kneading segments by means of the 
Kneading blades in engagement Because this scrapes 
off the material to be kneaded adhering to the kneading 
segments with the kneading blades, the kneading seg- 
ments are in a well cleaned state. When production of 
the kneaded product for the next run is started, there is 
only a slight amount of residual material to be kneaded 
from the preceding run, thus permitting reduction of loss 
of the material to be kneaded upon starting up produc- 
tion. 

The peripheral surface between the tops of the 
kneading blades in the foregoing kneading segments is 
formed into a curved convex shape so as to be in con- 
tact with the top of the kneading blade in engagement. 
This permits more excellent scraping of the material to 
be kneaded adhering to the kneading segments by 
means of the kneading blades. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of an important portion of a 
screw segment; 

Fig. 2 represents descriptive views illustrating con- 
ditions of arrangement of screw sets in a continu- 
ous kneading apparatus: Fig. 2A shows a plan view 
and Fig. 2B shows a front view; 
Rg. 3 is a descriptive view illustrating a state of 
kneading a material to be kneaded in Fig. 2 cut 
along the line A-A; 

Fig. 4 is a descriptive view illustrating a method of 

fabricating a kneading blade; 

Rg. 5 is a descriptive view illustrating another 
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method of fabricating a kneading blade; 1 
Fig. 6 is a descriptive view illustrating the flow of the 
material to be kneaded in a rotor segment of the 
present Invention; 

Fig. 7 is a descriptive view illustrating the flow of the 5 
material to be kneaded in a conventional rotor seg- 
ment; 

Fig. 8 is a descriptive view illustrating the flow of the 
material to be kneaded in the rotor segment of the 

invention; ~ 10 

Fig. 9 is a descriptive view illustrating the flow of the 
material to be kneaded in the rotor segment of the 
invention; 

Fig. 10 is a partial front view of a screw segment; 
Fig. 11 is a descriptive view illustrating kneading of 15 
the material to be kneaded; 
Fig. 1 2 is a descriptive view illustrating arrangement 
of the screw sets in a kneading extruding appara- 
tus; 

Fig. 13 is a exploded view of the screw set; 20 
Fig. 14 is a descriptive view illustrating scraping of 
the material to be kneaded adhering to the rotor 
segment by a high-level tip portion; and 
Fig. 15 is a descriptive view illustrating scraping of 
the material to be kneaded adhering to the rotor 25 
segment by a low-level tip portion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

30 

[Embodiment 1J 

Embodiments of the invention will be described 
below with reference to Figs. 1 to 7 

A continuous kneading apparatus which is a kind of 35 
the twin-screw kneading apparatuses of this embodi- 
ment has a pair of screw sets 1 and 1 and a case mem- 
ber 3 rotatably supports these screw sets 1 and 1. A 
cooling piping not shown is connected through the case 
member 3 to an outer wall of the case member 3 so as 40 
to cool a material to be kneaded. In the interior of the 
case member 3, on the other hand, there is formed a 
chamber 4 communicating from a side (right side in Fig. 
2) to the other side (left side in Fig. 2). On one side of 
the case member 3, a charging port 3a communicating 4s 
with the chamber 4 is formed so as to supply a material 
to be kneaded such as rubber or plastics to the chamber 
4. On the other side of the case member 3, discharge 
members 2 and 2 for discharging the kneaded material 
to outside are provided to correspond to the screw sets, so 

The foregoing chamber 4 has a longitudinal sec- 
tional shape of an ellipsoid as shown in Fig. 3, and com- 
prises a first kneading chamber 4a and a second 
kneading chamber 4b in a pair, and a communicating 
section 4c ensuring communication between the knead- ss 
ing chambers 4a and 4b. The foregoing sets 1.1 are 
respectively inserted into these first and second knead- 
ing chambers 4a and 4b as shown in Figs. 2A and 2B. 



The two screw sets 1 and 1 are arranged so as to 
make the axes thereof in parallel to each other, and are 
connected to a driving mechanism not shown outside 
the case member 3 so as to be rotation-driven in 
reverse directions to each other by this driving mecha- 
nism. The rotational centers of the both screw sets by 
the driving mechanism are aligned with the chamber 
centers of the case member 3. The chamber center is 
present for each of the kneading chambers 4a and 4b of 
two chamber-4 r and-means-the central point located at 
equal distance from the wall surface of each of the 
kneading chamber 4a and 4b having an arcuate sec- 
tional shape. 

Each of the aforesaid screw sets 1 and 1 has a 
screw segment 1a which pushes the material to be 
kneaded to the other side and an integrated type rotor 
segment 1b which kneads the material to be kneaded. 
Segment centers of segment 1a and 1 b are aligned with 
the rotational center of the screw set 1 (chamber 
center). The segment center of the screw height in the 
circumferential direction, the central point located at an 
equal distance from the top of this screw blade. The 
segment center of the rotor segment lb means the cen- 
tral point located at an equal distance from the top erf 
each kneading blade 7. 

The screw segment 1a and the rotor segment 1b 
are housed in the chamber 4. the rotor segment lb has 
three kneading blades 7, 7 and 7 arranged at equal 
angular internals of 120° in the circumferential direction. 
Each kneading blade 7 is formed spirally from one side 
to the middle portion, and the spirally formed in the 
reverse direction form the middle portion to the other 
side. 

The aforesaid kneading blade 7 is partitioned so 
that the top tip of each of the positive-direction and 
reverse- direction sections contains any two of a high- 
level tip portion 7a, a medium-level tip portion 7b and a 
low-level tip portion 7c, so that, for all the three kneading 
blade 7, 7 and 7 arranged in the circumferential direc- 
tion, the high-level tip portion 7a, the medium-level tip 
portion 7b and the low-level tip portion 7c are in a sec- 
tional plane. 

The distance between the segment center and 
each of the tip portion 7a, 7b and 7c is small in this order 
so that the tip clearances which are gaps with the inner 
wall surface of the chamber 4 are larger in this order 
when the segment center of the rotor segment 1b is in 
agreement with the chamber center. When a Ibw-vis- 
cosity material or a fine filler or pigment is dispersed into 
a kneaded product, in general, the tip portion 7a, 7b and 
7c are set to achieve smalt tip clearances as a whole. 
When a high-viscosity material is dispersed into a 
kneaded product, on the other hand, the tip portions 7a, 
7b and 7c are set to achieve large, tip clearances as a 
whole. 

More specifically, the high-level tip portion 7a 
arranged in the proximity of the inner wall surface of the 
chamber 4 so as to form the smallest tip clearance hav- 
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ing ratio range of from 0.002 to 0.06 (preferably from 
0.002 to 0.02) relative to the inside diameter (D). The 
ratio range of from 0.002 to 0.06 relative to the inside 
diameter (D) represent a commonly used range, and 
that of from 0.002 to 0.02 represents a standard one. 5 
More particularly, the high-level tip portion 7a is formed 
so as to achieve a tip clearance within a range of from 
0.1 to 3.0 mm (preferably from 0.1 to 1.0 mm) for an 
inside diameter (D) of the kneading chambers 4a and 
4b of 50 mm, within a range of from 0.2 to 4.0 mm (pref- 10 
erably from 0.2 to 2.0 mm) for an inside diameter (2D) of 
100 mm, and within a range of from 0.6 to 18.0 mm 
(preferably from 0.6 to 6.0 mm) for and inside diameter 
(3D) of 300 mm. As a result the high-level tip portion 7a 
causes part of the material to he kneaded to pass is 
through upon rotation of the rotor segment 1b to impart 
a large shearing force to the material, and at the same 
time, scrapes off the surface layer of the material to be 
kneaded adhering to the inner wall surface of the cham- 
ber, thus improving the cooling efficiency. Further, the 20 
high-level tip portion 7a promotes the flow in the axial 
direction by causing most of far material to be kneaded 
located on the forward side to axially flow, and also the 
flow between the first kneading chamber 4a and the 
second kneading chamber 4b, thereby permitting 2 s 
improvement of kneading efficiency and dispersing effi- 
ciency. 

The low-level tip portion 7c is, on the other hand, 
sufficiently separated from the inner wall surface of the 
chamber 4 so as to form the largest tip clearance is a so 
ratio within a range of from 0.02 to 0.3 (preferably from 
0.08 to 0.2) relative to the inside diameter (D). The ratio 
range of from 0:02 to 0.3 relative to the inside diameter 
(D) represents a commonly used range, and that of from 
0.08 to 0.2 represents a standard one. More specifically, 35 
the medium-level tip portion 7b is formed so as to 
achieve a tip clearance within a range of from 1.0 to 
15.0 mm (preferably from 4.0 to 10.0 mm) for an inside 
diameter (D) of the kneading chambers 4a and 4b of 50 
mm, within a range of from 2.0 to 30.0 mm (preferably 40 
from 8.0 to 20.0 mm) for an inside diameter (2D) of 100 
mm, and within a range of from 6.0 to 90.0 mm (prefer- 
ably from 24.0 to 60.0 mm) for an inside diameter (3D) 
of 300 mm. As a result, the low-level tip portion 10 
increases the amount of material to be kneaded by 45 
imparting a small shearing force to the material in the tip 
clearance to promote the flow of the material in the 
kneading chambers 4a and 4b upon rotation of the rotor 
segment 11% and at the same time, prevents a locally 
large shearing force from being applied to inhibit exces- so 
sive heating of the material to be kneaded. 

The medium-level tip portion 7a is set so as to form 
a medium tip clearance coming between the high-level 
tip clearance 7a and the low-level tip clearance with a 
view adjusting the shearing force and the flow of the ss 
material to be kneaded by the high-level tip portion 7a 
and the low-level tip portion 7c, within a ratio range of 
from 0.01 to 0.12 relative to the inside diameter (D) 



(preferably from 0.02 to 0.08). The ratio range of from 
0.01 to 0.12 relative to the inside diameter (D) repre- 
sents a commonly used range, and the ratio range of 
from 0.02 to 0.08 represents a standard one. More spe- 
cifically the medium-level tip portion 7b is formed so as 
to achieve a tip clearance within a range of from 0.5 to 
6.0 mm (preferably from 1 .0 to 4.0 mm) for an inside 
diameter (D) of 50 mm of the kneading chambers 4a 
and 4b, within a range of from 1.0 to 12.0 (preferably 
from 2.0 to 8.0 mm) for an inside diameter (2D) of 100 
mm, and within a range of from 3.0 to 36.0 (preferably 
from 6.0 to 24.0 mm) for an inside diameter (3D) of 300 
mm. 

For the fabrication of the foregoing clip portions 7a, 
7b and 7c, the following methods an applicable. 

First, a screw set 1 is prepared, which has kneading 
blades 7, 7 and 7 of the individual tip portion 7a, 7b and 
7c with the same height in the same shape so as to 
achieve an equal distance between the segment center 
and the tip portion 7a, 7b and 7c. An existing screw set 
1 may be employed. Then, as shown in Fig. 4, the top of 
the kneading blade 7 is cut so that the tip portion has a 
land with L2 expanded from the land with L, before cut- 
ting (first fabricating method), or the sides of the knead- 
ing blade 7 are cut so that the tip portion has a land 
width 12 equal to the land with L1 before cutting (sec- 
ond fabricating method). In the second fabricating 
method, two practices are available: one comprising 
cutting the forward surface to achieve a change in the 
biting angle with the chamber wall surface, and the 
other comprising cutting the backward surface giving no 
change in the biting angle. When fabricating the knead- 
ing blade 7 into a continuous shape, adoption of the 
aforesaid fabricating method ensures easier manufac- 
ture. When fabricating the kneading blade 7 into a 
divided shape,, adoption of any of the first and the sec- 
ond fabricating methods permits easy manufacture. 
However, because the effect of the land width on the 
temperature of the material to be kneaded or on the filler 
dispersion is smaller than that of the tip clearances, the 
first fabricating method is more practicable. 

For the above-mentioned configuration, operation 
of the continuous kneading apparatus will now be 
described below. 

First, as shown in Fig. 2, a material to be kneaded 
such as rubber, plastics or a filler in continuously sup- 
plied through the charging part 3a into the chamber 4 
while rotation<Jriving the screw sets 1 and 1. Before or 
after this supply, a cooling medium such as cooling 
water is caused to flow in the cooling piping connected 
to the outer wall surface of the case member 3 to cool 
the material to be kneaded in the chamber 4 via the 
case member 3. For some configurations or kinds of the 
material to be kneaded such as one containing a filler, a 
hot medium such as hot water of steam may be caused 
to flow through the cooling piping to heat the material to 
be kneaded. 

The material to be kneaded changed into the cham- 
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ber 4 proceeds toward the rotor segments 1b, 1b and 1b 
along with rotation of the screw segments 1a and 1a. 
When the material to be kneaded reaches the rotor seg- 
ments 1b and 1b, kneading is started at the kneading 
blades 7, 7 and 7 of the individual rotor segments 1b 5 
and 1b. 

. That is, as shown in Fig. 3, in the high-level tip por- 
tion 7a of the kneading blade 7 corresponding to the 
small tip clearance, the amount of the material in knead- 
ing, comprising the material to be kneaded and the 10 
kneaded product, passing through the tip clearance is 
smaller. Therefore the material in kneading present on 
the forward side of the high-level tip portion 7a flows in 
. a large quantity in the axial direction. As a result, most 
of the material moves to the forward side of the medium- is 
level tip portion 7b adjacent in the axial direction, and a 
portion passes through the tip clearance. This portion of 
material is subjected to a large shearing force resulting 
from the small tip clearance and dispersed. At this point 
the material in kneading imparted with a large shearing 20 
force is rapidly heated along with dispersion. However, 
because most part of the material in kneading flows in 
the axial direction, heating of the material in kneading 
as a whole is inhibited. Even with a low allowable tem- 
perature of the material in kneading, therefore, it is pos- 25 
sible to continue dispersion under the large shearing 
force. 

The high-level tip portion 7a of the kneading blade 
7 moves near the inner wall surface of the chamber 4, 
thus scraping off the surface layer of the material in 30 
kneading adhering to the inner wall surface of the cham- 
ber 4. This improves the cooling efficiency of the flowing 
material in kneading by the cooling piping, and further 
inhibits heating of the material in kneading. In addition, 
when the high-level tip portion 7a of the kneading blade 35 
7 moves in the communicating section 4c, it pushed out 
the material in kneading from the first or second knead- 
ing chamber 4a or 4b on one side toward the second or 
first kneading chamber 4b or 4a on the other side with a 
large pushing force, thus promoting the flow of the 40 
material in kneading between the first and the second 
kneading chamber 4a and 4b. 

Since the low-level tip portion 7c forms a large tip 
clearance, the amount of the material in kneading pass- 
ing through the tip clearance is large. Therefore, most of 45 
the material in kneading present on the forward side of 
the low-level tip portion 7c moves on the forward side of 
the medium-level tip portion 7b adjacent in the circum- 
ferential direction as a result of passage though the tip 
clearance, and a portion flows in the axial direction, so 
Because the material in kneading is pushed out by a 
slight pushing force, the flow thereof the first and the 
second kneading chambers 4a and 4b during move 
through the communicating section 4c is inhibited. The 
low-level tip portion 7c therefore promotes the flow of ss 
the material in kneading in the kneading chambers 4a 
and 4b, and during the flow, the large tip clearance 
reduces the shearing force acting on the material in 



kneading, thus inhibiting excessive heating of the mate- 
rial in kneading. 

The medium-level tip portion 7b is set so as to lead 
to a tip clearance coming between the high-level tip por- 
tion 7a and the low-level tip portion 7c. This permits . 
adjustment of the shearing force and the flow of the 
material in kneading. 

When the material in kneading is kneaded as 
described above, there are achieved as shown in Fig. 6, 
in succession in the circumferential and axial directions 
a first kneading space 10a which causes the material in 
kneading to flow in the circumferential direction in a 
large quantity, a second kneading space 10b which 
causes dispersion of a slight amount of the material in 
kneading under the effect of a large shearing force while 
causing the material in kneading to flow in the axial 
direction in a large quantity, and a third kneading space 
1 6c which impart a medium shearing force to pause flow 
in the axial and circumferential directions. As shown in 
Fig. 7, therefore, as compared with a conventional case 
in which the kneading blade 7 comprises only a 
medium-level tip portion 7b, the material in kneading is 
uniformly dispersed which discontinuousiy and actively 
flowing in the first to third kneading spaces. It is there- 
fore possible to obtain a kneaded product always in a 
satisfactory kneading condition without changing the tip 
clearance in response to the kneading conditions of the 
material in kneading. 

As described above, the continuous kneading 
apparatus (twin-screw kneading apparatus) of the 
embodiment is based on steps, as shown in Figs. 1 and 
2, of, while rotating the pair of screw sets 1.1 provided to 
the right and to the left in the chamber 4 at the center of 
the chamber, causing the material in kneading to flow 
through the tip clearance between the rotor segments 
1b and 1b (kneading segments) of the screw sets 1.1 
and the chamber 4 inner wall surface, and dispersing 
the same by imparting a shearing force, thereby produc- 
ing a kneaded product in the desired kneaded state, 
and has the following configuration. 

More specifically, the continuous kneading appara- 
tus has a configuration jn which, when the segment 
center of the rotor segment 1b is aligned with the cham- 
ber center, a plurality of kneading blades having differ- 
ent distances between the segment center and the top 
are formed in the rotor segment 1b so that a plurality of 
tip clearances different at least in the circumferential 
direction are formed. 

According to the foregoing configuration, it is possi- 
ble to classify the different tip clearances formed by the 
kneading blades 7 at least into relatively small tip clear- 
ances and relatively large tip clearances. In the small tip 
clearance, most part of the material in kneading present 
on the forward side of the clearance is caused to flow in 
the axial direction, and a part is allowed to pass through 
to accomplish under the effect of a large shearing force. 
In the large tip clearance, on the other hand, most part 
of the material in kneading present on the forward side 
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is allowed to pass through to promote the flow is the cir- 
cumferential direction, thus applying an uniform shear- 
t ing action to the kneaded product, and heating is 
prevented by a small shearing force. When tip clear- 
ances different in size are achieved at least in the cir- - 5 
cumferential direction as a result, the material in 
kneading is dispersed by the large shearing force within 
discontinuously and actively flowing in the chamber 4 as 
a whole, and heating to high temperature during disper- 
sion is prevented. It is therefore possible to obtain a 10 
material under a desired kneading condition from a 
material in kneading under severe kneading conditions 
such as a polymer gel or a filler having a high aggregat- 
ing power including carbon black, without conventional 
replacing of screw set 1. 75 

The distance between the segment center of the . 
rotor segment 1b and the top of thfc kneading blade 7 
can be altered by cutting the top of the kneading blade 
7. It is therefore possible to obtain a screw set 1 pro- 
vided with the rotor segment 1b capable of achieving a 20 
desired tip clearance by cutting an existing rotor seg- 
ment This reduces the equipment cost as compared 
with the case where a screw set 1 provided with all hew 
rotor segment 1 b is prepared. 

Since the kneading blade 7 one-to-one corre- 25 
sponds to a tip clearance, change and setting of the 
individual tip clearances can be effected independently 
by adjusting the individual kneading blade 7. Design is 
therefore easier and change and setting are easier than 
in a case where an eccentricity position is determined 30 
from the relationship with each of all the- kneading 
blades 7, thereby accomplishing change and setting of 
the individual tip clearance as is disclosed, for example, 
in Japanese Examined Patent Publication No. 1-14,847. 

. Particularly, when kneading is conducted with tip 35 
clearances comprising various combinations to deter- 
mine tip clearances which achieve optimum kneading 
conditions such as flow and shearing of resin, achieve- 
ment of various combinations of tip clearances by a 
method based on eccentricity would require rotor seg- 40 
ments 1b in a number equal to the number of combina- 
tions. In the present invention, however, it is possible to 
determine optimum combinations of tip clearances with 
rotor segments in a number smaller than the number of 
combinations. While the tip clearances are formed by 45 
means of eccentricity in the foregoing prior art, resulting 
in variation of the amount of clearance in response to 
the rotational position, the amount of clearance is 
always constant in the present invention (respective of 
the rotational position) when a single tip clearance is so 
viewed, in the configuration of this embodiment, thus 
permitting action of a uniform shearing force. 

In the present embodiment, integrated type rotor 
segments 1b are used as kneading segments, thereby 
making it possible to easily form kneading blades of var- ss 
ious tip clearances through continuous cutting fabrica- 
tion. The invention is not however limited to such a ' 
practice. In place of the integrated type rotor segments, 



combinations of divided type rotor segment 1b' maybe 
used as kneading segments as shown in Fig. 10. In this 
case, it is possible to obtain a screw set 1 capable of 
giving various tip clearances based on combinations of 
rotor segments 1b' by forming kneading blades so as to 
achieve tip clearances intrinsic to individual divided 
rotor segments 1b 1 by means of various spiral angles 
and quantities. 

The kneading segment may comprise a plurality of 
divided type disk segment. In this case, it is possible to 
achieve combinations of various tip clearances in the 
circumferential direction as well as in the axial direction 
by combining the plurality of disk segment. Further, the 
kneading segment may comprise combinations of inte- 
grated type or divided type rotor segments and divided 
type disk segments. In this case, kneading performance 
can be finely adjusted by setting a high kneading per- 
formance by-means of the rotor segments 1b, and then 
combining with disk segments having various tip clear- 
ance. 

In this embodiment the configuration has a screw 
set 1 having a rotor segment 1b serving as a kneading 
segment at a position. The configuration may however 
have rotor segments 1 b at a plurality of positions. In this 
case, kneading performance can be largely improved as 
composed with case having a rotor segment 1b at a 
position. Further, the distance between axial centers of 
the screw sets 1 and 1 should preferably be set so as to 
ensure engagement of the kneading blades with a view 
to achieving a further improvement of kneading per- 
formance by promoting more of the material in knead- 
ing. Rotating directions of the screw sets 1 and 1 upon 
engagement may be the same or different 

The continuous kneading apparatus of this embod- 
iment has a configuration of performing kneading with 
the two screw sets arranged in parallel. The invention is 
not however limited to this arrangement of the screw 
sets. Kneading may be accomplished with a single 
screw set 1, of with three or more screw sets. 

In the present embodiment, tip clearance of three 
stages are achieved by the high-level to the low-level tip 
portions 7a to 7c of the kneading blades 7 arranged at 
equal intervals in the circumferential direction. Arrange- 
ment and quantity of kneading blades 7 and spiral angle 
thereof may be arbitrarily selected so far as two or more 
different stages of tip clearances are achieved in the cir- 
cumferential direction. 

More specifically, the kneading blades 7 may be 
arranged at equal intervals at two positions in the cir- 
cumferential direction, or may be in such a configuration 
that, as shown in Fig. 8, the top tip in sections in the 
positive direction or in the reverse direction is set to any 
of the high-level to the low-level tip portions 7a to 7c. 
Further, as shown in Fig. 9, the configuration may be 
such that the top tips of the kneading blades 7 are clas- 
sified so as to contain any two of the high-level tip por- 
tion 7a, the medium-level tip portion 7b and the low- 
level tip portion 7c in the sections of the positive or 
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reverse directions, and the edges of the sections do not 
agree with each other. 

The kneading blade 7 may be formed straight at a 
spiral angle of 0° , or may be formed at a large spiral 
angle. The spiral angle should preferably be within a 
range of from 10 to 60° . While a small spiral angle 
reduces the flow of the material in kneading in the axial 
direction and the resultant increase in the amount of 
material passing through the tip clearance permits pro- 
motion of the dispersing action, a large spiral angle 
allows promotion of mixing within the chamber 4 as a 
result of an increase in the flow in the axial direction. A. 
spiral angle with a range of from 10 to 60° enable to 
derive both advantages simultaneously. 

[Embodiment 2] 

Now, an embodiment in which the present invention 
is applied to a kneading/extruding apparatus, a kind of 
twin-screw kneading apparatus, will be described below 
with reference to Fig. 11 to 15. 

As shown in Fig. 12, the kneading/extruding appa- 
ratus of this embodiment has a pase member 23 formed 
by connecting in series a plurality of barrels 31, and a 
pair of screw sets 21 rotatably supported by the case 
member 23. A cooling piping not shown is connected to 
the outer wall of the case member 23 so as to cool the 
kneaded product through the case member 23. A cham- 
ber 24 ensuring communication from one side (right 
side in Fig. 1 2) to the other (left side in Fig. 1 2} is on the 30 
other hand formed in the interior of the case member 
23. A charging hopper 32 for supplying material to be 
kneaded such as rubber or plastics into the chamber 24 
and a plurality of bent members 33 for pulling out the 
kneaded product during kneading are provided through- 35 
put the entire upper surface of the case member 23 
from one side to the other thereof. A die head not shown 
for discharging the kneaded product to outside is pro- 
vided on the other end of the case member 23. 

The aforesaid chamber 24 is formed into an elliptic 40 
cross-sectional shape as shown in Fig. 11, and com- 
press a first kneading chamber 24a and a second 
chamber 24b in a pair, and a communicating section 
24c providing communication between these kneading 
chambers 24a and 24b. The foregoing screw sets 21 45 
and 21 are inserted into the first and the second knead- 
ing chambers 24a and 24b, respectively. These screw 
sets 21 and 21 are arranged so that the axial centers 
thereof are in parallel with each other, and rotation- 
driven in the same directions by a driving mechanism so 
not shown. 

The rotational centers (axial centers) of the both 
screw sets 21 and 21 by the driving mechanism are 
aligned with the chamber center of the case member 
23 . A chamber center is present in each of the kneading es 
chambers 24a and 24b of the chamber 24 and forms the 
central point located at an equal distance from the wall 
surface of each of the kneading chambers 24a and 24b 



having an arcuate cross-section. Each of the screw sets 
21 and 21 has screw segments 21a pushing the mate- 
rial to be kneaded to the other side and rotor segments 
21b kneading the material at a plurality of positions as 
5 shown in Fig. 13. The segment centers of these seg- 
ments 21a and 21b are aligned with the rotational 
center (chamber center) of the screw set 21. The seg- 
ment center of the screw segment 21 a is a central point 
located at equal distances from the screw blade tops 
10 when forming the screw blades of the same height in 
the circumferential direction. The segment center of the 
rotor segment 21 is a central point located at equal dis- 
tances from tops of the kneading blades 27 when form- 
ing the kneading blades 27 described later of the same 
15 height in the circumferential directions. 

Each of the foregoing screw sets 21 and 21 has 
screw segments 21a pushing the material to be 
kneaded to the other side and rotor segments 21b 
kneading the material at a plurality of positions. The 
20 rotor segment 21b has three kneading blades 27, 27 
and 27 arranged at equal angular intervals of 120° in the 
circumferential direction. Each kneading blade 27 is spi- 
rally formed in the positive direction from one side to the 
middle portion, and then formed spirally in the reverse 
ss direction from the middle portion to the other side. 

The foregoing kneading blade 27 is divided so that 
the top tip contains any two of a high-level tip portion 
27a, a medium-level tip portion 27b and a low-level tip 
portion 27c in the sections in the positive and reverse 
directions, and the high-level tip portion 27a, the 
medium-level tip portion 27b and the low-level tip por- 
tion 27c are present on the same sectional plane for the 
three kneading blades 27, 27 and 27 arranged in the cir- 
cumferential direction as a whole. 

When the segment center of the rotor segment 21b 
is aligned with the chamber center, the distances 
between the segment center and the foregoing tip por- 
tions 27a, 27b and 27c are different, i.e., smaller in this 
order so as to arrange the tip clearances which are gaps 
from the chamber 24 inner wall surface are larger in this 
order. When dispersing a low-viscosity material or a fine 
filler or a pigment into a kneaded product in general, 
setting should be such that the individual tip portions 
27a, 27b and 27c as a whole form small tip clearances. 
When preparing a kneaded product by dispersing a 
high-viscosity material, on the other hand, setting 
should be such that the individual tip portions 27a, 27b 
and 27c achieve large tip clearances as a whole. The 
detailed numerical ranges for the tip portions 27a, 27b 
and 27c, being the same as in the Embodiment 1, are 
omitted here. 

The circumferential surface between the tops of the 
rotor segments 21b (tip portions 27a to 27c) is formed 
into a curved convex shape so that the circumferential 
surface 27d one of the rotor segments 21b is in contact 
with the tip portions 27a to 27c of the other ro| or §^ q- 
mentj g.lb. These rotor segments 21b and 21b displace 
while the high-level tip portion 27a and the low-level tip 
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portion 27c of one rotor segment is in contact with the 
entire circumferential surface 27d of the other rotor seg- 
ment 21b, as a result of rotation of the rotor segments 
21b and 21b while in engagement with each other as 
shown in Figs. 14A to 14C and Figs. 15A to 15C, 
thereby scraping off the material of kneading adhering 
to the circumferential surface 27d. 

Now, operations of the kneading/extruding appara- 
tus having the foregoing configuration will be described 
below. 10 

v First, as shown in Fig. 12, a material to be kneaded 
such as rubber, plastics or a filler is continuously sup- 
plied into the chamber 24 from the charging hopper 32 
while rotation-driving the screw cooling medium such as 
cooling water is caused to flow through the cooling pip- is 
ing connected, to the outer wall surface of the case 
member 23 to cool the material to be kneaded in the 
chamber 24 via the case member 23. Depending upon 
the composition or kind of the material to be kneaded as 
in the case of a material containing a filler, it may be 20 
necessary to cause a heating medium such as hot 
water or steam to fbw though the cooling piping to heat 
the material to be kneaded. 

The material to be kneaded charged into the cham- 
ber 24 as above advances toward the rotor segments 25 
21b and 21b along with rotation of the screw segments 
21a and 21 a. When the material to be kneaded reaches 
the rotor segments 21b and 21b, kneading is started at 
the kneading blades 27, 27 and 27 of the rotor seg- 
ments 21b and 21b as shown in Fig. 11. 30 

More specifically, as shown in Fig. 13, at the high- 
level tip portion 27a of the kneading blade 27 with a 
small tip clearance, the material in kneading comprising 
the material to be kneaded and a kneaded product 
passes through the tip clearance only in a small 35 
amount Therefore, the material in kneading present on 
the forward side of the high-level tip portion 27a flows in 
a large quantity in the axial direction and most part 
accordingly moves onto the forward side of the medium- 
level tip portion 27b adjacent in the axial direction, only 40 
a part passing through the tip clearance. This part of the 
material in kneading is dispersed under the effect of a 
large shearing force caused by the small tip clearance. 
At this point, the material in kneading imparted with the 
large shearing force is suddenly heated simultaneously 45 
with dispersion. However, because most part of the 
material in kneading flows in the axial direction, heating 
of the material in kneading as a whole is Inhibited. Even 
with a low allowable temperature of the material in 
kneading, therefore, it is possible to continue dispersion so 
under the effect of the large shearing force. 

The high-level tip portion of the kneading blade 27, 
which moves at a position near the inner wall surface of 
the chamber, scraps off the surface layer of the material 
in kneading adhering to the inner wall surface of the ss 
chamber 24. This improves cooling efficiency of the 
flowing material in kneading by the cooling piping, and 
further inhibits heating of the material in kneading, 



thereby preventing, occurrence of inconveniences such 
as deterioration action of the material in kneading. Fur- 
ther, when the high-level tip portion 27a of the kneading 
blade 27 displaces through the communicating section 
24c, the flow of the material in kneading between the 
first and the second kneading chamber 24a and 24b is 
also accelerated, because a large pushing force pushes 
out the material in kneading from any of the first and the 
second kneading chambers 24a and 24b toward the 
other of the second arid the first kneading chambers 
24b and 24a. 

In the low-level tip portion 27c of the kneading blade 
27, the large tip clearance results in a large amount of 
passage of the material in kneading through the tip 
clearance. Therefore, most of the material in kneading 
present on the forward side of the low-level tip portion 
27c moves to the forward side of the medium-level tip 
portion 27b adjacent in the circumferential direction, 
and only a part flows in the axial direction. Because the 
pushing force pushing out the material in kneading is 
low, the flow to the fist and the second kneading cham- 
bers 24a and 24b is inhibited upon moving though the 
communicating section 24c. In the low-level tip portion 
27c, therefore, the flow of the material in kneading in the 
same kneading chambers 24a and 24b is promoted, 
arid at the same time, during this flow, the large tip 
clearance reduces the shearing force acting on the 
material in kneading, thus inhibiting excessive heating 
of the material in kneading. 

Then since the medium-level tip portion 27b of the 
kneading blade 27 is set so as to give a tip clearance 
coming between the high-level tip portion 27a and the 
low-level tip portion 27 c, the shearing force and the flow 
for the material in kneading are adjusted. 

When the material in kneading is kneaded as 
described above, there are arranged the following these 
spaces in succession in the circumferential direction as 
well as in the axial direction: a first kneading space 30a 
for passing the material in kneading in a large quantity 
in the circumferential direction, a second kneading 
space 30b dispersing a small quantity of material in 
kneading under the effect of a large shearing force while 
causing a large quantity of material in kneading in the 
axial direction, and a third kneading space 30c impart- 
ing shearing force of a magnitude coming in between to 
cause the flow in the axial direction as well as in the cir- 
cumferential direction. Therefore, as compared with the 
conventional case where the kneading blade 27 is con- 
figured only with a medium-level tip portion 27b, a satis- 
factorily kneaded product is always available without the 
need to change the tip clearance in response to the 
kneading conditions of the material in kneading, 
because the material in kneading is uniformly dispersed 
while discontinuously and actively flowing in the first to 
third kneading space 30a to 30c. This kneaded product 
is pushed out through a die head not shown. 

Then, when the kind of the kneaded product is 
switched over, charging of the material to be kneaded 
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into the charging hopper 32 is discontinued in a state in 
which rotation of the screw set 21 is maintained as 
shown in Fig. 12. The material to be kneaded near the 
charging hopper 32 is transferred to the rotor segment 
21b under the effect of rotation of the screw segment s 
21a. At the rotor segment 21b, the material to be 
kneaded is kneaded into a material in kneading by the 
tip portions 27a to 27c of the kneading blade 27, and in 
parallel with this, the high-level tip portion 27a of the 
kneading blade 27 scrapes off the surface layer of the w 
material in kneading adhering to the inner wall of the 
chamber 24, and transfers the same toward the die 
head serving as the discharge port. As shown in Figs. 
1 4A to 1 4C and 1 5A to 1 5C, between the screw sets 21 
and 21 , peripheral surface 27d of the rotor segment 21b 15 
is brought into contact with the individual tip portions 
27a to 27c. The material in kneading adhering to the 
peripheral surface 27d is thus scraped off by the tip por- 
tions 27a to 27c. As a result, when rotation of the screw 
set 21 is continued, the rotor segment 21 b and the inner 20 
wail of the chamber 24 cleaned and most of the material 
in kneading is discharged to outside. Subsequently, 
when the material to be kneaded in the next run is 
charged from the charging hopper 32 and production is 
started, the amount of loss of the kneaded product upon 25 
startup is reduced because there remains only a limited 
amount of the material in kneading. 

As described above, the kneading/extruding appa- 
ratus of this embodiment is operated, as shown in Fig. 
1 1 , by causing the material to be kneaded to flow in the 30 
tip clearances between the rotor segments 21b and 21b 
and the inner wall surface of the chamber 24 while rotat- 
ing the pair of rotor segments 21b and 21b in the same 
direction in the chamber 24, and at the same time 
imparting a shearing force for dispersion, thereby pro- 35 
ducing a kneaded product in a desired kneaded state. 
Each of the rotor segment 21b and 21b is provided with 
a plurality of .kneading blades 27 having different dis- 
tances between the segment center and the tops so as 
to achieve a plurality of tip clearances different at least 40 ' 
in the circumferential direction when the screw, set 1 
aligns the segment center of the rotor segment 21b 
(kneading segment) with the chamber center, and is 
engaged so as to scrape off the material in kneading 
adhering to the rotor segments 21b and 21b by means 45 
of the high-level to low-level tip portions 27a to 27c of 
the kneading blade 27. 

While, in this embodiment, the case provided with 
two rotor segments 21b and 21b has been described, 
three or more rotor segments may be used. The knead- so 
ing blades formed at three positions in the circumferen- 
tial direction have been described, but may be formed at 
two or more positions in the circumferential direction. 
The present embodiment has been described by means 
of a kneading/extruding apparatus, whereas a continu- ss 
ous kneading apparatus may be employed Further, the 
rotor segment 21b is provided with kneading blades 27 
each having high-level to low-level tip portions 27a to 



27c, thereby achieving three-stage tip clearances at 
least in the circumferential direction. Two-stage tip 
clearances may be achieved at least in the circumferen- 
tial direction by providing kneading blades 27 each hav- 
ing any two of the high-level to low-level tip portions 27a 
to 27c. 

According to the foregoing configuration, in which 
the kneading blade 27 has the high-level tip portion 27a 
and the low-level tip portion 27c, tip clearances can be 
classified at least into relatively small tip clearances and 
relatively large ones. The small tip clearance causes 
most of the material in kneading present on the forward 
side of the tip clearance to flow in the axial direction and 
allows a part thereof to pass through to achieve disper- 
sion by a large shearing force. The large tip clearance, 
promotes the flow in the circumferential direction by 
passing most of the material in kneading present on. the 
forward side and prevents heating by a small shearing 
force When tip clearances different in size are formed 
as a result at least in the circumferential direction, the 
material in kneading discontinuously and actively flows 
in the entire chamber 24 and is dispersed by a large 
shearing force, and heating upon dispersion is pre- 
vented. Therefore, without the need to carry out replac- 
ing operation of the screw set as in the conventional art, 
it is possible to convert the material in kneading always 
into a kneaded product of a desired state of kneading 
even when the material requires severe kneading condi- 
tions such as strongly aggregating filler including car- 
bon black or a polymer gel. When a configuration is 
achieved so as to form tip clearances different in size 
also in the axial direction, it is possible to achieve uni- 
form kneading and dispersion. 

By rotating the rotor segments 21b and 21b in the 
same direction while engaging with each other, at least 
the material in kneading adhering to the kneading blade 
27 is scraped off, whereby the kneading blade 27 is suf- 
ficiently cleaned. Upon start of the next run of produc- 
tion of the material to be kneaded, therefore, this 
reduces the amount of loss of the kneaded product 
upon startup because there is only a slight amount of 
material in kneading remaining from the preceding run. 

The present invention provides a twin-screw knead- 
ing apparatus for kneading a. material into a kneaded 
product of a desired kneading state by providing a pair 
of screw sets to the right and the left in a chamber, caus- 
ing a material to be kneaded to flow in a tip clearance 
between kneading segments of these screw sets and 
the chamber inner wall surface while rotating the screw 
sets at the center of the chamber, and imparting a 
shearing force for dispersion, wherein the kneading 
segments have a plurality of kneading blades having dif- 
ferent distances between the center of the segment and 
the top so as to achieve a plurality of tip clearances dif- 
ferent at least in the circumferential direction when the 
centers of the kneading segments are aligned with the 
center of the chamber. 

The different tip clearances achieved by the knead- 



10 



19 



EP O 850 738 A2 



20 



ing blades can be classified at least into relatively small 
tip clearances and relatively large tip clearances. In the 
small tip clearances, a major portion of the material to 
be kneaded present in the forward side of these tip 
clearances is caused to flow in the axial direction, and a 5 
part is caused to pass through to achieve dispersion 
under the effect of a large shearing force. In the large tip 
clearances, on the other hand,, a major portion of the 
material to be kneaded present on the forward side is 
passed through to promote the flow in the circumferen- /o 
tial direction for applying a uniform shearing action to 
the material, and heating is prevented by a small shear- 
ing force. As a result, when tip clearances different in 
size appear at least in the circumferential direction, the 
material to be kneaded is dispersed by a large shearing 15 
force while, discontinuously and actively flowing in the 
entire chamber, and heating during dispersion is pre- 
vented. It is therefore possible always to knead the 
material into a kneaded product in a desired kneading 
state under various kneading conditions. 20 

The distance between the center of the kneading 
segment and the top of the kneading blade can be 
changed by cutting the top of the kneading blade. It is 
thus possible to obtain screw sets having kneading seg- 
ments capable of achieving a desired tip clearance by 2s 
cutting the existing kneading segments, hence to 
reduce the equipment cost as compared with prepara- 
tion of all new kneading segments. 

Because each kneading blade corresponds to each 
tip clearance, change and setting of each tip clearance 30 
can be independently accomplished through adjust- 
ment of the individual kneading blades. Design is there- 
fore easier and change and setting of tip clearances are 
easier than in change and setting of the individual tip 
clearances through determination of eccentricity posi- 3s 
tions from the relationship with all kneading blades as is 
disclosed in Japanese Examined Patent Publication No. 
1-14,847. 

Particularly when a material is kneaded through tip 
clearances comprising various combinations to deter- 40 
mine tip clearances permitting achievement of optimum 
kneading conditions such as flow and shearing of the 
resin, achievement of tip clearances of various combi- 
nations by the method based on eccentricity requires 
preparation of kneading segments in a number equal to 45 
that of the combinations. According to the invention, it is 
possible to achieve optimum combinations of tip clear- 
ances with a number of kneading segments smaller 
than that of combinations by sequentially cutting the 
tops of the kneading blades. While the amount of clear- so 
ance varies in response to the rotational position in the 
foregoing known art because tip clearances are formed 
on the basis of eccentricity, the amount of clearance is 
always constant (irrespective of the rotational position) if 
a single tip clearance is viewed, in the present invention, 55 
thus ensuring acting of a uniform shearing force. 

Further, the kneading blades should preferably be 
configured so as to achieve three different kinds of tip 



clearance in the circumferential direction/More specifi- 
cally, medium tips forming medium tip clearances 
should preferably be provided so as to adjust shearing 
force and flow of the material to be kneaded at high- 
level tip portions, in addition to the high-level tip portions 
of the smallest tip clearances and the low-level tip por- 
tions of the largest tip clearances. 

It is desirable to set the smallest tip clearances 
within a range of from 0.002 to D.02 relative to the inside 
diameter, and the largest tip clearances within a range 
of from 0.08 to 0.2 relative to the inside diameter. When 
providing three kinds of tip clearances including high- 
level, low-level and medium-level tip portions, the small- 
est tip clearances should preferably be within a range of 
from 0.002 to 0.02, the largest tip clearances, within a 
range of from 0.08 to 0.2, and the medium tip clear- 
ances, within a range of from 0.02 to 0.08. 

When the foregoing kneading segments are inte- 
grated type rotor segments, it is possible to easily form 
kneading blades for various tip clearances through con- 
tinuous cutting. 

When the foregoing kneading segments are divided 
type rotor segments, it is possible to achieve various tip 
clearances in the form of combinations of various rotor 
segments by forming kneading blades so as to achieve 
tip clearances intrinsic to individual divided rotor seg- 
ments with various spiral angles and various quantities. 

When the foregoing kneading segments are a plu- 
rality of divided type disk segments, it is possible to 
achieve various combinations of tip clearances in the 
circumferential directions as well as in the axial direction 
by combining the plurality of disk segments. 

When the foregoing kneading segments comprise 
combinations of integrated type or divided type rotor 
segments and divided type disk segments, the knead- 
ing performance can be fine-adjusted by first roughly 
setting kneading performance by means of the rotor 
segments, and then combining disk segments having 
various tip clearances." 

It is posstole to largely improve kneading perform-, 
ance by providing the foregoing kneading segments at a 
plurality of positions. 

Further, by causing the kneading blades of the 
kneading segments in the both screw sets to engage 
with each other, transfer of the material to be kneaded 
between the screw sets is promoted, thus further 
improving kneading performance. 

In addition, the both screw sets are rotated in a 
direction so as to scrape off the material to be kneaded 
adhering to the kneading segments by means of the 
kneading blades in engagement Because this scrapes 
off the material to be kneaded adhering to the kneading 
segments with the kneading blades, the kneading seg- 
ments are in a well cleaned state. When production of 
the kneaded product for the next run is started, there is 
only a slight amount of residual material to be kneaded 
from the preceding run, thus permitting reduction of loss 
of the material to be kneaded upon starting up produc- 
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tion. 

The peripheral surface between the tops of the 
kneading blades in the foregoing kneading segments is 
formed into a curved convex shape so as to be in con- 5. 
tact with the top of the kneading blade in engagement s 
This permits more excellent scraping of the material to 
be kneaded adhering to the kneading segments by 
means of the kneading blades. 6. 

As a result, there is available an effect of sufficiently 
scraping off the materials kneading adhering to~ the ~~fo~ 
kneading segment by the action of the kneading blade. 

A kneaded product of a desired state of kneading is 
available by causing a material, to be kneaded to flow in 
tip clearances between rotor segments 1b and 1b of 
screw sets 1 and 1 and an inner wall surface of a cham- is 
ber 4 while rotating the screw sets 1 and 1 provided to 
the right and the left of the chamber 4, and imparting a 
shearing force for dispersion. Each rotor segment 1b 
has a plurality of kneading blade 7 having different dis- 
tances between the segment center and the top, so as 20 
to achieve a plurality of tip clearances different at least 9. 
in the circumferential direction when the segment center 
is aligned with the chamber center. 



7. 



8. 



and the medium tip clearance is within a range of 
from 0.02 to 0.08 relative to the inside diameter. 

A twjn-screw kneading apparatus according to 
claim 1 /wherein said kneading segment comprises 
an integrated type rotor segment. 

A twin-screw kneading apparatus according to 
claim 1 , wherein said kneading segment comprises 
~a divided type rotoTsegment ~ 

A twin-screw kneading apparatus according to 
claim 1 , wherein said kneading segment comprises 
a plurality of divided type disk segments. 

A twin-screw kneading apparatus according to 
claim 1 , wherein said kneading segment comprises 
a combination of an integrated type or divided type 
rotor segment and a divided type disk segment 



A twin-screw kneading apparatus according to 
claim 1, wherein said kneading segments are pro- 
vided at a plurality of positions. 



Claims 25 

1 . A twin-screw kneading apparatus comprising: 

a chamber; 

a pair of screw sets rotating in said chamber; 30 
kneading segments forming parts of said screw 
sets; and 

a plurality of kinds of kneading blade with differ- 
ent distances between the center to the tops of. 
said kneading segments, formed in said knead- 35 
ing segments; said kneading segments achiev- 
ing different tip clearances in at least the 
circumferential direction when the centers of 
said kneading segments are aligned with the 
center of said chamber. . 40 

2. A twin-screw kneading apparatus according to 
claim 1, wherein said kneading blades have a con- 
figuration of achieving three different kinds of tip 
clearance in the circumferential direction. 45 

3. A twin-screw kneading apparatus according to 
claim 1, wherein the smallest tip clearance is within 
a range of from 0.002 to 0.02 relative to the inside 
diameter and the largest tip clearance is within a so 
range of from 0.08 to 0.2 relative to the inside diam- 
eter. 



10. A twin-screw kneading apparatus according to 
claim 9 f wherein kneading blades in said pair of 
screw sets engage with each other. 

11. A twin-screw kneading apparatus according to 
claim 10, wherein said pair of screw sets are 
rotated in a direction so that the kneading blades in 
engagement scrape off an object to be kneaded 
adhering to said kneading segments. 

12. A twin-screw kneadjng apparatus according to 
claim 11, wherein the peripheral surface between 
tops of the kneading blades in said kneading seg- 
ments is formed into a curved convex shape so as 
to be in contact with the top of the kneading blade 
in engagement. 



4. A twin-screw kneading apparatus according to 
claim 2, wherein the smallest tip clearance is within 
a range of from 0.002 to 0.02 relative to the inside 
diameter and, largest tip clearance is within a range 
of from 0.08 to 0.2 relative to the inside diameter, 
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